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HQJLQHHUV WR XQGHUVWDQG ZKHQ WKH\ DUH ILUVW H[SRVHG WR WKH FRQFHSW DV WKH\ DUH FRQVLGHUHG LPSRUWDQW V\VWHP
FKDUDFWHULVWLFVGHVSLWHQRWFRQWULEXWLQJGLUHFWO\ WRV\VWHPSHUIRUPDQFHRUPLVVLRQFRPSOHWLRQ 7KHPRVWFRPPRQ
ZD\WRDFKLHYHIDPLOLDULW\ZLWKFRQFHSWVVXFKDVWKH±LOLWLHVKDVEHHQWKURXJKZRUNH[SHULHQFHDVVWXGHQWVFDQWDNH
D\HDURUPRUHWREHFRPHFRPIRUWDEOHZRUNLQJZLWKDQGXQGHUVWDQGLQJWKHVHDEVWUDFWDQGRIWHQFRQIXVLQJWRSLFV

7KLV SDSHU ZLOO UHYLHZ WKH XVH RI JDPHV DV HGXFDWLRQDO WRROV ZLWK SDUWLFXODU DWWHQWLRQ SDLG WR WKH VSHFLILF
DGYDQWDJHVRIJDPHEDVHGPHGLDRYHU WUDGLWLRQDOPHWKRGVIRU WKHSXUSRVHRIV\VWHPVHQJLQHHULQJHGXFDWLRQ 7KH
SDSHUZLOOGHVFULEHWKHGHYHORSPHQWRI6SDFH7XJ6NLUPLVK676DJDPHFUHDWHGDVDV\VWHPVHQJLQHHULQJFRQFHSW
HGXFDWLRQ DQG UHVHDUFK WRRO  676 LV D PXOWLSOD\HU FDUG JDPH GHVLJQHG WR WHDFK SOD\HUV ZLWK QR H[SHULHQFH LQ
V\VWHPV HQJLQHHULQJ DERXW EDVLF FRQFHSWV RI WKH GHVLJQ DQG RSHUDWLRQ RI FRPSOH[ V\VWHPV LQ DQ XQFHUWDLQ
HQYLURQPHQW7KHSDSHUFRQFOXGHVZLWKDEULHIGLVFXVVLRQRI676DQGRSSRUWXQLWLHVIRUIXUWKHUUHVHDUFK
%DFNJURXQG
2.1. Rise of games as pedagogical medium 
(GXFDWLRQDO JDPLQJ DQG JDPHEDVHG OHDUQLQJ LV DQ HPHUJLQJ ILHOG WKDW VHHNV WR XVH WKHPHGLXP RI JDPHV WR
PDNH NQRZOHGJH DFFHVVLEOH WR D ZLGH UDQJH RI SRWHQWLDO SOD\HUV  *DPHV KDYH EHHQ VKRZQ WR EH H[WUHPHO\
HIIHFWLYHWRROVIRUOHDUQLQJSDUWLFXODUO\GXHWRWKHLUDELOLW\WRFUHDWHD³V\VWHP´WKDWSOD\HUVDUHDOORZHGWRWHVWDQG
H[SHULPHQWZLWKHQFRXUDJLQJOHDUQLQJWKURXJK³IDLOXUHV´WKDWPD\QRWEHDFFHSWDEOHLQDUHDOZRUOGDSSOLFDWLRQ
$GGLWLRQDOO\ JDPHV SURYLGH DPHGLXP IRU HQFRGLQJ WKH FRPSOH[LW\ DQG HPHUJHQW EHKDYLRU WKDW DUH HQGHPLF WR
PDQ\ V\VWHPV HQJLQHHULQJ SUREOHPV  7KLV KDV WKH SRWHQWLDO WR WDUJHW WKH VRXUFH RI PDQ\ RI WKH FKDOOHQJHV
DVVRFLDWHG ZLWK HGXFDWLQJ QHZ V\VWHPV HQJLQHHUV XVLQJ WUDGLWLRQDO PHDQV DQG DGGLWLRQDOO\ WR DVVLVW HYHQ
H[SHULHQFHGV\VWHPVHQJLQHHUVLQUDSLGO\JDLQLQJIDPLOLDULW\ZLWKQHZGRPDLQVDQGSUREOHPVSDFHV

7KHFRQFHSWRIXVLQJJDPHVIRUHGXFDWLRQDQGWUDLQLQJLVQRWQHZZLWKGHFDGHVRIUHVHDUFKRQWKHXVHRIJDPHV
WR VXSSRUW OHDUQLQJ  8VXDOO\ JDPHV DUH GHYHORSHG ZLWK VSHFLILF OHDUQLQJ REMHFWLYHV LQ PLQG FRQVWUXFWHG XSRQ
PDWXUHNQRZOHGJHVXFKDVVFLHQWLILFSULQFLSOHVKLVWRULFDOIDFWVRUPDWKHPDWLFDOWHFKQLTXHV:KLOHWKHHIIHFWLYHQHVV
RIJDPHVIRUSHGDJRJ\LVVWLOOEHLQJHVWDEOLVKHGWKHULVHRILQWHUDFWLYLW\YLDFRPSXWHUEDVHGJDPHVLQGLFDWHVWKDW
LPSOHPHQWDWLRQPD\EHDKHDGRI UHVHDUFK $GRSWLRQRIJDPHV LQ OHDUQLQJVHWWLQJV UHVWVXSRQVHYHUDODSSHDOLQJ
DVSHFWVLQKHUHQWLQWKHJDPHFRQVWUXFWLQFOXGLQJDEVWUDFWLRQRIFRPSOH[LW\JXLGHGGLVFRYHU\RIEHKDYLRUVDQGUXOHV
DSSOLFDWLRQDQGGHYHORSPHQWRIVNLOOVLQWKHSOD\HULH³OHDUQLQJE\GRLQJ´DSSHDODQGPRWLYDWLRQIRUWKHSOD\HU
HJZLQFRQGLWLRQVDQG³IXQ´DQGDELOLW\WRVKDSHWKHFRQWH[WLQZKLFKWKHSOD\HUOHDUQV

7KH FRQFHSW RI ³JDPH´ FDQ UXQ WKH JDPXW DFURVV D VSHFWUXPRI ERWK XVH IURP HQWHUWDLQPHQW WR HGXFDWLRQ WR
WUDLQLQJ DQG LPSOHPHQWDWLRQ IURP ERDUG JDPHV WR UROH SOD\LQJ JDPHV WR FRPSXWHU JDPHV 7KH GLVWLQFWLRQ
EHWZHHQJDPHDQG³VHULRXV´JDPHDURVHEHFDXVHRIWKHSHMRUDWLYHQRWLRQRIJDPHVDV³OLJKW´DQGQRWDSSURSULDWHLQ
DVHULRXVHQYLURQPHQWHJSURIHVVLRQDOFRQWH[WDGXOWHGXFDWLRQHWF7KHODEHO³VHULRXV´VHUYHVWRLQGLFDWHWKH
JDPHKDVD³VHULRXV´SXUSRVH0RUHUHFHQWO\³SXUSRVHIXO´KDVEHHQXVHGDVDODEHOIRUJDPHVGHVLJQHGWRFRQYH\
DPHVVDJHHJDVRFLDOPHVVDJHVXFKDV³\RXVKRXOGFRQVHUYHQDWXUDOUHVRXUFHV´6LPXODWLRQVDUHLQWHQGHGWREH
UHDOLVWLF GHSLFWLRQV RI DSUREOHP DQG DUHPRVW DSSOLFDEOH WR WUDLQLQJW\SHJDPHVZKHUH WKHSOD\HU LV LQWHQGHG WR
GHYHORS OLWHUDO VNLOOV WKDW DUH GLUHFWO\ WUDQVIHUDEOH WR WKH UHDO ZRUOG *DPHV PRUH JHQHUDOO\ KRZHYHU KDYH WKH
IUHHGRPWRDEVWUDFWWKH³UHDO´SUREOHPVRSOD\HUVFDQKDYHWDUJHWHGH[SHULHQFHVZLWKSHGDJRJLFDOFRQVWUXFWVVRORQJ
DVWKHVNLOOVGHYHORSHGDUHVWLOOWUDQVIHUDEOHWRWKH³UHDO´ZRUOG,WVKRXOGEHQRWHGWKDWWKHUHLVDGLIIHUHQFHEHWZHHQ
³JDPHLI\LQJ´ DQGGHYHORSLQJ D JDPH7KH IRUPHU LV LPSRVLQJ JDPHOLNHPHFKDQLFV DQG UHZDUG V\VWHPV RQWR D
FODVVLFDOSUREOHPHJGHVLJQRIDPHFKDQLFDOVWUXFWXUHZLWKSOD\HUVHDUQLQJ³SRLQWV´WR³ZLQ´LI WKH\GRZHOO
ZKLOH WKH ODWWHU LV GHYHORSLQJ D FRPSHOOLQJ H[SHULHQFH LQ WKH PLQG RI D SOD\HU WKURXJK WKH EDODQFLQJ RI VWRU\
PHFKDQLFVDHVWKHWLFVDQGWHFKQRORJ\)RUWKHSXUSRVHVRIWKLVSDSHUJDPHEDVHGOHDUQLQJXVHVWKHODWWHUFRQFHSW
RIJDPHWRVXSSRUWSHGDJRJLFDODLPV
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2.2. Challenges in systems education and research 
$ NH\ FKDOOHQJH LQ XVLQJ D JDPHEDVHG DSSURDFK IRU WHDFKLQJ DQG VWXG\LQJ V\VWHPV HQJLQHHULQJ FRQFHSWV
LQYROYHV WKH LQKHUHQW QDWXUH RI WKH V\VWHPV RI LQWHUHVW WR V\VWHPV HQJLQHHULQJ ,Q SDUWLFXODU WKH ODUJH FRPSOH[
V\VWHPVRILQWHUHVWWRPRGHUQV\VWHPVHQJLQHHULQJUHVHDUFKHUVRIWHQLQYROYHPDQ\LQWHUDFWLQJDQGFRQQHFWHGSDUWV
ZKLFKWRJHWKHUUHVXOWLQHPHUJHQWEHKDYLRUWKDWPD\RUPD\QRWEHGHVLUDEOHWRV\VWHPVWDNHKROGHUV,QGHYHORSLQJ
DQ DSSURSULDWH JDPHEDVHG LPSOHPHQWDWLRQ WKH ³V\VWHP´ UHSUHVHQWHGZLWKLQ DQG E\ WKH JDPHPXVW UHSUHVHQW QR
PRUH DQG QR OHVV WKDQ WKH HVVHQWLDO FRPSOH[LW\ WKDW GLVSOD\V WKH PLQLPXP VHW RI FRQVWUXFWV WKDW ZLOO IDFLOLWDWH
OHDUQLQJ DQG WUDQVIHU RI DSSURSULDWH V\VWHPV HQJLQHHULQJ NQRZOHGJH DQG VNLOOV .	6 7KHVH UHSUHVHQW WZR
FKDOOHQJHV HVVHQWLDO FRPSOH[LW\ DQG UHSUHVHQWDWLYHQHVV 7KH IRUPHU LV KRZ ZHOO WKH JDPH H[SRVHV SOD\HUV WR
FRPSRQHQWVLQWHUDFWLRQVDQGHPHUJHQFHZLWKRXWFRJQLWLYHO\RYHUZKHOPLQJWKHSOD\HU7KHODWWHULVKRZZHOOWKH
JDPHRUJDPHVXEMHFWPHDQLQJIXOO\UHSUHVHQWVD³UHDO´V\VWHPRUDWOHDVWDV\VWHPWKDWLQGXFHVWUDQVIHUDEOH.	6

7KHSURMHFWLQWKLVSDSHUDGGUHVVHVWKHTXHVWLRQRIKRZJDPHEDVHGPHGLDFDQEHXVHGQRWRQO\WRWHDFKV\VWHPV
HQJLQHHULQJ FRQFHSWV EXW DOVR EH XVHG DV D UHVHDUFK LQVWUXPHQW LWVHOI $V KDV EHHQ SRLQWHG RXW HDUOLHU JDPHV
WKHPVHOYHVDUHV\VWHPVDQGFDQEHGHVLJQHG WRGLVSOD\ WKHIHDWXUHVDQGTXDOLWLHVRI LQWHUHVW WRV\VWHPVHQJLQHHUV
5HFRJQL]LQJWKLVDQDWXUDOTXHVWLRQDULVHVFRQFHUQLQJDFRPPRQGDWDVKRUWDJHSUREOHPLQV\VWHPVUHVHDUFKKRZ
FDQDJDPHEHGHVLJQHGDVDQDEVWUDFWLRQRIDUHDOV\VWHPLQRUGHUWRSUHVHQWXQLTXHRSSRUWXQLWLHVIRUUHVHDUFKLQWR
WKHactualV\VWHPDQGDVVRFLDWHGKXPDQEHKDYLRU"7KLVTXHVWLRQZLOORQO\EHSDUWLDOO\DGGUHVVHGLQWKLVSDSHUEXW
IUDPHV WKH LQWHQGHGXVHRI WKHGHYHORSHGJDPHDVD WHVWEHG IRU IXWXUH V\VWHPVHQJLQHHULQJDQG V\VWHPV WKLQNLQJ
UHVHDUFK

/DVWO\DQDGGLWLRQDOFKDOOHQJHLQXVLQJJDPHEDVHGPHGLDIRUV\VWHPVHQJLQHHULQJHGXFDWLRQDQGUHVHDUFKLVWKDW
WHFKQLTXHVIRUJDPHGHVLJQDQGHIILFDF\IRUWHDFKLQJDUHVWLOOQRWZHOODFFHSWHG,PSOHPHQWDWLRQVRIVHULRXVJDPLQJ
KDYH GHPRQVWUDWHG HIILFDF\ LQ PXOWLVWDNHKROGHU VLWXDWLRQV DW OHDVW DQHFGRWDOO\ SURPRWLQJ KXPDQ WR KXPDQ
GLVFRXUVH DQG GLVFRYHU\ LQ SROLF\ PDNLQJ IRU VRFLRWHFKQLFDO V\VWHPV %XW WKHUH DUH VWLOO PDQ\ FRPSHWLQJ
WKHRULHV RQZKDWPDNHV D JRRGJDPH DQGKRZRQH HYDOXDWHV QRW RQO\ WKH RXWFRPHV LHZKDW WKH VWXGHQWV KDYH
OHDUQHGEXWDOVRWKHJDPHLWVHOILHZKHWKHUWKHJDPHLVJRRGDWZKDWLWZDVGHVLJQHGWRDFFRPSOLVK

,QVSLWHRIWKHVHFKDOOHQJHVJDPLQJKDVWKHSRWHQWLDOWRHQKDQFHERWKHGXFDWLRQDQGUHVHDUFKLQV\VWHPVWKLQNLQJ
3RWHQWLDO EHQHILWV LQFOXGH  HQKDQFLQJ WKH V\VWHPV WKLQNLQJ RI ERWK QRYLFHV DQG H[SHUWV  WKH WDLORULQJ RI
HGXFDWLRQ SURJUDPV E\ UHYHDOLQJ FRPPRQ ZHDNQHVVHV LQ WKH VWUDWHJLHV RI QRYLFHV DQG  LPSURYHPHQW LQ WKH
SHUIRUPDQFH RI ILHOGHG V\VWHPV WKURXJK SUDFWLFH ZLWK JDPLQJ  7KLV SDSHU LQWHQGV WR PRWLYDWH IXUWKHU UHVHDUFK
WRZDUGUHDOL]LQJWKHVHEHQHILWV
$SSURDFKIRU6\VWHPV(QJLQHHULQJ*DPH'HYHORSPHQW
7KH DSSURDFK XVHG IRU WKLV SURMHFWZDV WR ILUVW GLVWLOO WKH V\VWHPV HQJLQHHULQJ UHVHDUFK FRQGXFWHG DW WKH0,7
6\VWHPV(QJLQHHULQJ$GYDQFHPHQW5HVHDUFK,QLWLDWLYH6($ULGRZQWRFRUHFRQFHSWV 1H[W WKH WHDPOHYHUDJHG
JDPH GHVLJQ DQG HYDOXDWLRQ WHFKQLTXHV IURP WKH OLWHUDWXUH LQ RUGHU WR FRPSRVH D SXUSRVHIXO JDPH WR VLPXODWH D
FRPSHOOLQJ³V\VWHPVHQJLQHHULQJ´H[SHULHQFHLQWKHPLQGRIWKHSOD\HU
3.1. SEAri research and core concepts 
3ULRU WR WKH VXPPHU RI  DZRUNVKRSZDV KHOG DPRQJ WKH VWXGHQWV DQG VWDII FRQGXFWLQJ UHVHDUFK DW0,7
6($UL LQ RUGHU WR LGHQWLI\ DPLQLPXP VHW RI FRQFHSWV UHIOHFWHG DFURVVPRUH WKDQ WHQ\HDUV RI UHVHDUFK LQYDOXH
GULYHQ V\VWHPV GHVLJQ DQG DQDO\VLV  7KH UHVXOW RI WKLV ZRUNVKRS ZDV WKH LGHQWLILFDWLRQ RI VL[ FRUH V\VWHPV
HQJLQHHULQJ FRQFHSWV DQG KRZ WKH\ DUH UHSUHVHQWHG LQ 6($UL UHVHDUFK LH 6($UL FRQVWUXFWV 6& 7KH VL[ FRUH
V\VWHPVHQJLQHHULQJFRQFHSWVLGHQWLILHGDUHEHQHILWV³GHVLJQ´FKRLFHVUHVRXUFHVXQFHUWDLQWLHVWLPH
GHSHQGHQFHDQGFRQWLQJHQWYDOXHLOOXVWUDWHGLQ)LJ7KHVHFRQFHSWVDUHQRZGHVFULEHGEHORZ

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)LJ6L[FRUHV\VWHPVHQJLQHHULQJFRQVWUXFWV

x %HQHILWVDUHWKHSHUFHLYHGSRVLWLYHLPSDFWVDFFUXHGIURPDGHVLJQFKRLFHVXEMHFWLYHO\GHILQHGYDU\LQJE\SHUVRQ
DQGDFURVVWLPH>6&XWLOLWLHVE\GHFLVLRQPDNHU@
x ³'HVLJQ´FKRLFHVDUHWKHLQLWLDODQGGHOD\HGDOWHUQDWLYHVWKDWDUHJHQHUDWHGDQGVHOHFWHG>6&GHVLJQYDULDEOHV@
x 5HVRXUFHVDUHWKHH[SHQGHGFXUUHQFLHVUHTXLUHGWRDFKLHYHWKHEHQHILWVLQFXUUHGLQLWLDOO\RYHUWLPHDQGDWWKH
HQGRIOLIHWKHVHPD\LQFOXGHPRUHWKDQMXVWGROODUVVXFKDVWLPHHIIRUWDQGH[SHUWLVH>6&JHQHUDOL]HGFRVWV@
x 8QFHUWDLQWLHVDUHWKHVKRUWUXQ³IL[HG´FRQWH[WDQGUHVRXUFHEHQHILWH[SHFWDWLRQVIRUDFKRLFHRXWVLGHRID
³GHVLJQHU¶V´FRQWUROORRNLQJLQWRWKHIXWXUHPDQ\SRVVLEOHVKRUWUXQVH[LVWRQHIRUHDFKXQFHUWDLQYHUVLRQRI
UHDOLW\>6&HSRFKV@
x 7LPHGHSHQGHQFHLVWKHORQJUXQWLPHRUGHUHGVHTXHQFHVRIWKHVKRUWUXQFDSWXULQJWKH³SDWKGHSHQGHQF\´RI
XQFHUWDLQWLPHOLQHVDOORZLQJIRUVWUDWHJ\GHYHORSPHQWRI³FKRLFHV´RYHUWLPH>6&HUDV@
x &RQWLQJHQWYDOXHGHVFULEHVWHPSRUDOV\VWHPSURSHUWLHVWKDWUHSUHVHQWWKHDELOLW\RIDFKRLFHWRFKDQJHRYHUWLPH
RUQRWQHHGWRFKDQJHRYHUWLPHRIWHQLQUHVSRQVHWRDUHYHDOHG³SHUWXUEDWLRQ´>6&³FKDQJHW\SH´LOLWLHV@
3.2. Art and science of purposeful game design and analysis 
)ROORZLQJ WKH LGHQWLILFDWLRQ RI WKH VL[ FRUH FRQVWUXFWV WKH SURMHFW WHDP FRQVXOWHG ZLWK WKH 0,7 *DPHODE
IRUPHUO\0,7*DPELWZKLFKLVDUHVHDUFKJURXSWKDW³H[SORUHVWKHSRWHQWLDORISOD\>DVH[SUHVVHGLQJDPHV@´ZLWK
DVWDIIWKDWLQFOXGHVUHVHDUFKHUVDQGSURIHVVLRQDOJDPHGHYHORSHUVLQWHUHVWHGLQ³GHYHORSLQJJDPHVWRGHPRQVWUDWH
DQG FRQGXFW UHVHDUFK´  :LWK JXLGDQFH OHYHUDJLQJ *DPHODE¶V H[WHQVLYH H[SHUWLVH GHYHORSLQJ DZDUGZLQQLQJ
JDPHVDVZHOODVJXLGDQFHRQWKHDUWRIJDPHGHVLJQE\-HVVH6FKHOOGLUHFWRURIWKH&DUQHJLH0HOORQ8QLYHUVLW\
(QWHUWDLQPHQW 7HFKQRORJ\ &HQWHU WKH WHDP GHYHORSHG D SURMHFW FDOOHG 6SDFH 7XJ 6NLUPLVK ZLWK WKH JRDO RI
HQFDSVXODWLQJDWOHDVWWKHVL[FRUHV\VWHPVHQJLQHHULQJFRQVWUXFWVLQWRDERDUGJDPHPHGLXP
'HYHORSPHQWRI6SDFH7XJ6NLUPLVK
6SDFH 7XJ 6NLUPLVK 676 ZDV RULJLQDOO\ FRQFHLYHG LQ WKH VXPPHU RI  DV D SRWHQWLDO VROXWLRQ WR WKH
FKDOOHQJHRIUDSLGO\WHDFKLQJ6($ULUHVHDUFKPDWHULDOXVLQJWKHPHGLXPRIJDPHV2YHUWKH\HDUVLWKDGEHFRPH
UHDGLO\ DSSDUHQW WKDW WKH ODE¶V JUDGXDWH VWXGHQWV W\SLFDOO\ UHTXLUHG D \HDU RI LPPHUVLRQ EHIRUH H[LVWLQJ 6($UL
UHVHDUFK PHWKRGV DQG WHUPLQRORJ\ EHJDQ WR IHHO WDQJLEOH GHOD\LQJ WKHLU DELOLW\ WR FRQWULEXWH HIIHFWLYHO\ ZLWK
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LQGLYLGXDO UHVHDUFK  *LYHQ WKDW 6($UL¶V UHVHDUFK ZDV DOVR SODFHG DW WKH LQWHUIDFH RI HQJLQHHULQJ DQG XSSHU
PDQDJHPHQW GHFLVLRQ PDNLQJ WKLV VORZ OHDUQLQJ FXUYH ZDV DOVR SUREOHPDWLF LQ GHPRQVWUDWLQJ FRQWULEXWLRQV WR
SRWHQWLDOKLJKOHYHODGRSWHUVSDUWLFXODUWKRVHZLWKOHVVWHFKQLFDOEDFNJURXQGV(GXFDWLRQDOJDPHVVHHPHGWRRIIHUD
JUHDWGHDORISURPLVHDVERWKDQHIIHFWLYHZD\RIFRQYH\LQJFRPSOH[ LGHDVDQGUHODWLRQVKLSV LQDVKRUWSHULRGRI
WLPHDQGDOVRDIXQGLVWLOODWLRQRIWKHZRUNWKDWFRXOGEHXVHGWRVSDUNLQWHUHVW

7KHVXPPHURIIHDWXUHGDFRQFHUWHGHIIRUWWRZDUGVHGXFDWLRQDOJDPHVDW6($ULLQFOXGLQJPXOWLSOHZHHNV
RIVHPLQDUVDQGJDPHSURWRW\SLQJSUDFWLFHOHDGLQJLQWRDQXQGHUJUDGXDWHJDPHSURMHFWGHVLJQHGWROHYHUDJHFXUUHQW
UHVHDUFKLQWUDGHVSDFHH[SORUDWLRQDQGYLVXDOL]DWLRQ:KLOHWKLVZDVRFFXUULQJDVLGHSURMHFWGHYHORSHGDWWHPSWLQJ
WR DQVZHU D PRUH IXQGDPHQWDO QHHG FDQ ZH XVH D JDPH WR WHDFK D FRPSOHWHO\ XQVRSKLVWLFDWHG SOD\HU QR
VRFLDOWHFKQLFDOV\VWHPVH[SHULHQFHDEDVLFXQGHUVWDQGLQJRIV\VWHPGHVLJQSDUWLFXODUO\WKHEHQHILWVRI±LOLWLHVHJ
DGDSWDELOLW\ VXUYLYDELOLW\ HWF JLYHQ IXWXUH XQFHUWDLQW\"  7KLV TXHVWLRQ EHFDPH WKH FDWDO\VW IRU WKH FHQWUDO LGHD
EHKLQG676DFDUGJDPHGHVLJQHGWRHYRNHWKHWHQVLRQEHWZHHQGHVLJQLQJDV\VWHPDQGRSHUDWLQJLWDOOZKLOHRWKHU
SOD\HUVDQGUDQGRPXQFHUWDLQWLHVWU\WRLQWHUIHUHZLWKV\VWHPJRDOV
4.1. Overview of gameplay 
7KHEDVLFJDPHSOD\RI676UHYROYHVDURXQGWKHSOD\HUVDVHQWUDQWVLQWRWKHHPHUJLQJPDUNHWRIUHQWDOVSDFHWXJ
VHUYLFHVWKDWFDQPRYHREMHFWVLQORZ(DUWKRUELWFRPSHWLQJWREHWKHILUVWWRPDNHRQHKXQGUHGPLOOLRQGROODUV7R
GRWKLVWKH\FRQWUROWKHLUWXJDVWKH\DOWHUQDWHEHWZHHQWZRSKDVHVRISOD\'HVLJQDQG2SV(DFKSKDVHKDVLWVRZQ
VHWRIFDUGVZKLFKDUHRQO\XVDEOHZLWKLQWKDWSKDVH7KHWZRSKDVHVKDYHGLIIHUHQWKLJKOHYHOJRDOV'HVLJQSKDVH
UHYROYHVDURXQGSOD\LQJFDUGVWKDWLPSURYHWKHWXJLQFUHDVLQJLQFRPHRUSURYLGLQJXVHIXOWUDLWVDQGDELOLWLHVZKLOH
2SVSKDVHLVWKHWLPHLQZKLFKPRQH\FDQEHPDGHDQGDWWDFNVFDQEHGLUHFWHGDWRSSRQHQWV*LYHQOLPLWHGVWDUWLQJ
IXQGV HDFKSOD\HUZLOO W\SLFDOO\ DOWHUQDWH EHWZHHQSKDVHVPXOWLSOH WLPHV RYHU WKH FRXUVH RI WKH JDPH JUDGXDOO\
PDNLQJPRQH\DQGVSHQGLQJLWWRIXUWKHULPSURYHWKHLUWXJ0HDQZKLOHDOOSOD\HUVDUHH[SRVHGWRXQFHUWDLQW\LQWKH
IRUPRIWKH(SRFKGHFNZKLFKUHYHDOVQHZFRQWH[WVFRQWUDFWVDQGGLVWXUEDQFHVHYHU\URXQG$EULHIGHVFULSWLRQRI
WKHFDUGW\SHVDQGWKHLUFRQQHFWLRQWRWKHV\VWHPVHQJLQHHULQJFRQVWUXFWVDUHLQFOXGHGKHUH

x )HDWXUH±)HDWXUHVDUH'HVLJQSKDVHFDUGVWKDWDUHDWWDFKHGWR\RXUVSDFHWXJZKHQSOD\HGJHQHUDWLQJDIL[HG
DPRXQWRILQFRPHSHUWXUQZKLOHLQ2SVSKDVH
x 6SHF±6SHFVDUH'HVLJQSKDVHFDUGVWKDWDUHDWWDFKHGWR\RXUVSDFHWXJZKHQSOD\HG7KHUHDUHWKUHHVXEW\SHV
RI6SHFV3URSXOVLRQ3URS)XHO7DQN)XHODQG0DQLSXODWRU0DQLS2QO\RQHVSHFRIHDFKVXEW\SHLV
DOORZHGRQHDFKWXJ6SHFVSURYLGHWKH³VWDWV´SRZHUVSHHGDQGHQHUJ\WKDWDUHQHHGHGWRVDWLVI\&RQWUDFWV
x ,OLW\±,OLWLHVDUH'HVLJQSKDVHFDUGVWKDWDUHDWWDFKHGWR\RXUVSDFHWXJZKHQSOD\HG(DFK,OLW\SURYLGHVEHQHILWV
WRWKHSOD\HULQWKHIRUPRIQHZDFWLRQVRUDELOLWLHVWKH\FDQSHUIRUP
x )HDWXUHV6SHFVDQG,OLWLHVDUHWKHIRXQGDWLRQRIWKH'HVLJQSKDVHDQGPDSGLUHFWO\LQWRWKHFRQVWUXFWRI³GHVLJQ
FKRLFHV´GHFLVLRQVDYDLODEOHWRWKHSOD\HUVDVWKH\GHVLJQWKHLUVSDFHWXJVXVLQJWKHFDUGVLQWKHLUKDQGV$OODUH
DFFRPSDQLHGE\DVVRFLDWHGFRVWVVFDOLQJZLWKWKHLUSRZHUOHYHOPDSSLQJLQWRWKH³UHVRXUFHV´DQG³EHQHILWV´
FRQVWUXFWV7KH,OLWLHVDQGWRDOHVVHUH[WHQWWKH6SHFVDUHDOVRWDUJHWHGDWWKH³FRQWLQJHQWYDOXH´FRQVWUXFWDV
WKHEHQHILWVREWDLQHGIURPWKHVHFDUGVDUHODUJHO\GHWHUPLQHGE\VLJQLILFDQWVRXUFHVRIXQFHUWDLQW\RWKHUSOD\HUV¶
EHKDYLRUWKH(SRFKGHFNHWF
x $WWDFN±$WWDFNVDUH2SVSKDVHFDUGVWKDWLQWHUIHUHZLWKWKHRWKHUSOD\HUVZLWKDFWLRQVVXFKDVGHVWUR\LQJ
HTXLSSHG'HVLJQFDUGV$WWDFNVDUHVLPLODUWR³GLVWXUEDQFHV´GHVFULEHGEHORZEXWDUHH[HFXWHGE\LQWHOOLJHQW
DGYHUVDULHVHJRWKHUSOD\HUVDQGZHUHLQFOXGHGWRLPSURYHJDPHSOD\E\LQFUHDVLQJWKHLQWHUDFWLYLW\RIWKH
SOD\HUV7KHWKUHDWRI$WWDFNVDGGVWRWKHYDOXHRIPDQ\RIWKH,OLWLHVZKLFKUHODWHVWR³FRQWLQJHQWYDOXH´
x (IIHFW±(IIHFWVDUHLQERWKWKH'HVLJQDQG2SVGHFNVDQGDUHVLPLODUWR$WWDFNVLQWKDWWKH\DUHSOD\HGDQGWKHQ
GLVFDUGHGEXWXVXDOO\WKHVHFRPHZLWKSRVLWLYHEHQHILWVWRWKHSOD\HUZKRXVHVWKHPUDWKHUWKDQQHJDWLYHLPSDFWV
WRWKHLURSSRQHQWV$JDLQWKHVHFDUGVDUHLQFOXGHGPRVWO\IRUJDPHSOD\HQMR\PHQWEXWDOVRJHQHUDWH
³XQFHUWDLQW\´DVWKHVXUSULVHRIDQ(IIHFWFDQFKDQJHWKHRXWORRNRIDJDPHTXLFNO\
x &RQWUDFW±&RQWUDFWVDUH(SRFKFDUGVWKDWVSHFLI\DVHWRIUHTXLUHPHQWVXVXDOO\LQWKHIRUPRIWKHWKUHH³VWDWV´
WKDWLIPHWE\DSOD\HU¶VVSDFHWXJUHVXOWLQDODUJHUHZDUG&RQWUDFWVDUHDNH\³EHQHILW´WREHJDLQHGE\SOD\LQJ
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6SHFVDQGDOVRDVLJQLILFDQWVRXUFHRI³XQFHUWDLQW\´DVWKHUHLVQRJXDUDQWHHWKDWWKHULJKW&RQWUDFWVIRUDSOD\HU¶V
FKRVHQVWDWVZLOODULVH
x &RQWH[W±&RQWH[WVDUH(SRFKFDUGVWKDWGHQRWHPRGLILFDWLRQVWRWKHUXOHVWKDWDIIHFWDOOSOD\HUVDVORQJDVWKH\
DUHDFWLYH2QO\RQH&RQWH[WFDQEHDFWLYHDWDWLPHDQGLWLVUHSODFHGZKHQDQHZ&RQWH[WLVSOD\HG&RQWH[WV
DUHPHDQWWRUHSUHVHQWWKHFRQFHSWRIH[WHQGHG³XQFHUWDLQWLHV´VKLIWVZKLFKVWURQJO\LQIOXHQFHKRZV\VWHPVFDQ
GHOLYHU³EHQHILWV´RUDFFXPXODWH³UHVRXUFH´FRVWV
x 'LVWXUEDQFH±'LVWXUEDQFHVDUH(SRFKFDUGVWKDWFDXVHRQHWLPHHIIHFWVRQDOOSOD\HUVUDWKHUWKDQFRQVLVWHQWO\
DIIHFWLQJWKHILHOGRISOD\IRUPXOWLSOHWXUQVOLNH&RQWH[WV'LVWXUEDQFHVDUHFRQFHSWXDOO\VKRUWWHUP
³XQFHUWDLQWLHV´WKDWDUHLQWHQGHGWRGLVUXSWWKHSOD\HUV¶SODQVDQGIRUFHHLWKHUDGYDQFHSUHSDUDWLRQVRUUHFRYHU\
x 3HUVRQD±7KH3HUVRQDFDUGVDUHDQRSWLRQDODGGLWLRQWRWKHEDVLFJDPH,IXVHGHDFKSOD\HUFKRRVHVD3HUVRQDDW
WKHVWDUWRIWKHJDPHWDNLQJWKHLU3HUVRQD¶VWKUHHFDUGVFRUUHVSRQGLQJWROHYHOVRQHWZRDQGWKUHH6WDUWLQJWKH
JDPHDWOHYHORQHWKH3HUVRQDJXLGHVWKHSOD\HULQWRDSDUWLFXODUSOD\VW\OHE\LQFHQWLYL]LQJDJDLQVWFHUWDLQ
DFWLRQV0HDQZKLOHXQORFNLQJOHYHOVWZRDQGWKUHHLQYROYHFRPSOHWLQJPLGJDPHREMHFWLYHVWKXVLQFHQWLYL]LQJ
RWKHUDFWLRQV8QORFNLQJWKHKLJKHU3HUVRQDOHYHOVUHZDUGVWKHSOD\HUZLWKDGGLWLRQDOSRZHUVDQGDELOLWLHVWKDW
VXSSOHPHQWWKHWDUJHWHGSOD\VW\OH3HUVRQDVHQFRXUDJHUROHSOD\LQJDQGVLWXDWLRQDOGHFLVLRQPDNLQJVNLOOV

(DFKFDUGW\SHUHSUHVHQWVDGLIIHUHQWSRWHQWLDODVSHFWRIV\VWHPGHVLJQ1RWHWKDWWKHFDUGW\SHVDUHJHQHUDOL]HG
WKH SRWHQWLDO WR H[SDQG WKH 676 IUDPHZRUN LQWR ILHOGV RWKHU WKDQ VDWHOOLWH GHVLJQ ZDV LQWHQWLRQDO  $ FRPSOHWH
YHUVLRQRIWKH6SDFH7XJ6NLUPLVKUXOHVFDQEHIRXQGDVDZRUNLQJSDSHURQWKH6($ULZHEVLWHVHDULPLWHGX
4.2. Evolution of the game 
7KHGHYHORSPHQWRI676KDVEHHQ ODUJHO\VHSDUDWHG LQWR WKUHHGLVWLQFWHQGHDYRUV ODEHOHGDVYHUVLRQV
DQGZLWKVRPHVPDOOXSGDWHVEHWZHHQ(DFKYHUVLRQDIWHUWKHILUVWZDVGHVLJQHGWRDGGLQDQHZHOHPHQWWR
DVVLVW WKH VWDWHG OHDUQLQJREMHFWLYHVRI WKHJDPH LQ DGGLWLRQ WREDODQFHXSGDWHV DQGJHQHUDOJDPHSOD\HQMR\PHQW
LPSURYHPHQWV7KHFXUUHQWYHUVLRQLVWKHUHVXOWRIUHILQHGLPSURYHPHQWVRIWKHRULJLQDOJDPHVWUXFWXUHZKLFK
DUHGHWDLOHGKHUHWRLOOXVWUDWHWKHORJLFZLWKZKLFKWKHJDPHZDVFUHDWHG
4.2.1. Changing from Version 1.0 to Version 2.0 
9HUVLRQZDV WKH ILUVW ³FRPSOHWH´SULQWLQJRI676 DQG IHDWXUHGPDQ\RI WKHKDOOPDUNVRI WKHJDPH WRGD\
SDUWLFXODUO\WKHYDULRXVFDUGW\SHVDQGWKHSXUSRVHVRIWKH'HVLJQDQG2SVGHFN9HUVLRQFRQWDLQHG)HDWXUHV
6SHFV,OLWLHV(IIHFWVDQG$WWDFNVLQHVVHQWLDOO\WKHVDPHIRUPDVWKH\DUHQRZ7KH(SRFKGHFNGLGQRWH[LVWLQ
9HUVLRQEXW&RQWUDFWVZHUHORFDWHGLQWKH2SVGHFNWREHSOD\HGDQGPHWLQ2SVSKDVH&RQWUDFWVZHUHDOVR
WLHGGLUHFWO\WRSDUWLFXODU6SHFFDUGVUDWKHUWKDQWKHVWDWV\VWHP9HUVLRQZDVSOD\WHVWHGH[WHQVLYHO\E\DVPDOO
WHDPRIJUDGXDWHVWXGHQWVRYHUWKHFRXUVHRIVL[PRQWKV$WWKLVSRLQWLQWKHGHVLJQSURFHVVWKHPDLQFRQFHUQVRI
SOD\WHVWLQJ ZHUH EDODQFH DUH WKH YDULHW\ RI VWUDWHJLHV ZLWK ZKLFK SHRSOH SOD\ VLPLODUO\ OLNHO\ WR ZLQ" DQG WKH
LQFOXVLRQRI WKHUHOHYDQWFRUHFRQFHSWVZLWKLQWKHJDPHPHFKDQLFV  ,WEHFDPHDSSDUHQWHDUO\RQWKDW LQYHVWLQJLQ
)HDWXUHV ZDV D FRQVLGHUDEO\ PRUH FRQVLVWHQW ZLQQLQJ VWUDWHJ\ WKDQ EXLOGLQJ 6SHFV DV WKH FRPELQDWLRQ RI
FLUFXPVWDQFHVQHFHVVDU\WRZLQD&RQWUDFWGUDZWKH&RQWUDFW$1'WKHPDWFKLQJ6SHFVZDVVLPSO\WRRUDUHWREHD
ZLQQLQJ VWUDWHJ\ 7KLVZDVDOVRGHHPHG WREH FRXQWHUSURGXFWLYHRQ WKH ³IXQ´ VLGH DVSOD\LQJ ODUJH DPRXQWVRI
)HDWXUHVDQGVLPSO\DFFXPXODWLQJLQFRPHPDGHIRUUHODWLYHO\ERULQJJDPHV$GGLWLRQDOO\WKHWHDPZDVFRQFHUQHG
WKDWWKH³XQFHUWDLQW\´FRQFHSWZDVQRWFOHDUO\UHSUHVHQWHGLQWKHJDPHPHFKDQLFVDWOHDVWFRPSDUDWLYHO\DJDLQVWWKH
RWKHUV  $OWKRXJK GUDZLQJ FDUGV UDQGRPO\ RXW RI D ODUJH GHFN DGGV VLJQLILFDQW XQFHUWDLQW\ WR WKH JDPH LW ZDV
FRQVLGHUHG WRR DEVWUDFW D OHVVRQ DQG WKHUH ZDV FRQFHUQ WKDW LW PLJKW EH YLHZHG VLPSO\ DV D ³ZD\ WR SOD\ FDUG
JDPHV´UDWKHUWKDQDQLPSRUWDQWDVSHFWRIV\VWHPGHVLJQDQGWKH6SDFH7XJVWRU\

9HUVLRQ  VHW RXW WR UHVROYH ERWK RI WKHVH SUREOHPV ZLWK WKH FUHDWLRQ RI WKH (SRFK GHFN D JDPH HOHPHQW
GHVLJQHG WRH[SOLFLWO\ UHSUHVHQW WKHXQFHUWDLQW\ZKLFKFDQKDYHGUDPDWLFHIIHFWVRQV\VWHPYDOXH ERWK WKH6SDFH
7XJLWVHOIDQGWKHFDUGVLQDSOD\HU¶VKDQGWKDWUHSUHVHQWIXWXUHRSWLRQV7KH(SRFKGHFNZDVVHWWRUHYHDODQHZ
XQFHUWDLQW\DIWHUHYHU\URXQGLQRUGHUWRIRUFHWKHJDPHWRFKDQJHVWDWHDQGEUHDNXSWKH³LQFRPHZDUV´RI9HUVLRQ
 &RQWUDFWVZHUHPRYHGIURPWKH2SVGHFNWR WKH(SRFKGHFNIRU WZRUHDVRQV )LUVWKDYLQJ&RQWUDFWV LQ WKH
436   Adam M. Ross et al. /  Procedia Computer Science  28 ( 2014 )  430 – 440 
(SRFKGHFNDQGQRWGUDZQSOD\HGE\WKHSOD\HUVPDWFKHGWKHIODYRURIWKHJDPHVLJQLILFDQWO\EHWWHUVLQFH&RQWUDFWV
ZHUHLQWHQGHGWREH6SDFH7XJVHUYLFHRUGHUVIURPRXWVLGHSDUWLHV6HFRQGLWDOVRUHPRYHGWKHSRVVLELOLW\WKDWDQ
RSSRQHQWZRXOGGUDZD&RQWUDFWPDWFKLQJ\RXU6SHFVWKXVSUHYHQWLQJ\RXIURPHDUQLQJWKHUHZDUGZKLFKZDVD
VHULRXVEDUULHUIRUDSURILWDEOH6SHFFHQWULFJDPHSODQ&RQWH[WDQG'LVWXUEDQFHFDUGVZHUHDOVRDGGHGLQWRWKHQHZ
(SRFKGHFNWRUHSUHVHQWWKHVHGLIIHUHQWW\SHVRIXQFHUWDLQW\UHOHYDQWWRV\VWHPGHVLJQHUV$GGLWLRQDOO\WKH\ZHUH
GHVLJQHGWRFODULI\WKDWWKH³XQFHUWDLQW\´FRQFHSWLVQRWVWULFWO\UHODWHGWRQHJDWLYHRXWFRPHV9HUVLRQGLVSOD\HG
XQFHUWDLQW\ RQO\ LQ GRZQVLGH QRWXVHIXO GUDZV RSSRQHQW DWWDFNV HWF EXW WKH &RQWH[WV DQG'LVWXUEDQFH FDUGV
ZHUH SXUSRVHIXOO\ VSOLW DSSUR[LPDWHO\  EHWZHHQ SRVLWLYH DQG QHJDWLYH FRQVHTXHQFHV DOORZLQJ SOD\HUV WR
SUDFWLFHERWKGHIHQGLQJDJDLQVWQHJDWLYHXQFHUWDLQWLHVDQGH[SORLWLQJSRVLWLYHXQFHUWDLQWLHV
4.2.2. Changing from Version 2.0 to Version 3.0 
9HUVLRQZDVSOD\WHVWHGE\DODUJHUJURXSRIVWXGHQWVRYHUPRUHWKDQD\HDU7KH(SRFKGHFNZDVGHWHUPLQHG
WREHDVXFFHVVDWERWKUHSUHVHQWLQJWKHFRQVLGHUDEOHHIIHFWVRIXQFHUWDLQW\DQGVXSSRUWLQJWKH6SHFFHQWULFSOD\VW\OH
7KHDWWHQWLRQRIWKHSOD\WHVWHUVWXUQHGRQFHDJDLQWREDODQFHEXWZLWKDGGLWLRQDOHPSKDVLVRQWKHXVHRI676DVD
OHDUQLQJ WRRO  6LJQLILFDQW WLPHZDV VSHQW EUHDNLQJGRZQ676ZLWK D YDULHW\ RI ³VHULRXV´ JDPH IUDPHZRUNV DQG
PRGHOVWRHQVXUHWKDWWKHJDPH¶VPHVVDJHZDVFOHDUDQGVKDUHGEHWZHHQDOORILWVHOHPHQWV

676ZDVFUHDWHGZLWKUHODWLYHO\IHZIULOOVDV LWZDVLQWHQGHGWREHDVLPSOHFDUGJDPHWKDWIRFXVHGPRVWO\RQ
PHFKDQLFVLQRUGHUWRFRQYH\LWVPHVVDJH+RZHYHUWKDWZDVQRWLQWHQGHGWRUHSODFHLQWHOOLJHQWGHSOR\PHQWRIWKH
RWKHUWKUHHRI6FKHOO¶VIRXUDVSHFWVRIJDPHGHVLJQWHFKQRORJ\DHVWKHWLFVDQGVWRU\(DUO\HIIRUWVLQ9HUVLRQ
GHYHORSPHQWLQFOXGHGDGHFRQVWUXFWLRQRIWKHPHFKDQLFVDQGWHFKQRORJ\RI676ZLWKUHVSHFWWRDHVWKHWLFVVWRU\WKH
FRUHFRQFHSWV VNLOOYHUVXVFKDQFH DQGFRQQHFWLRQV WRRWKHU6($ULUHODWHGFRQFHSWV 7KH UHVXOWLQJEUHDNGRZQ LV
LQFOXGHG LQ$SSHQGL[$ 2I SDUWLFXODU QRWH DUH WKH VWURQJPDWFKLQJ RI DW OHDVW RQH FRUH FRQFHSW WR HDFK JDPH
PHFKDQLFDQGWKHEDODQFHEHWZHHQVNLOODQGFKDQFH

$QRWKHUHIIRUWDWEUHDNLQJGRZQ676LQWRLWVPDLQFRPSRQHQWVZDVSHUIRUPHGXVLQJ0LWJXWVFK¶V6HULRXV*DPH
'HVLJQ $VVHVVPHQW )UDPHZRUN  7KLV GHVLJQ DVVHVVPHQW IUDPHZRUN ZDV FUHDWHG H[SOLFLWO\ IRU VHULRXV JDPHV
ORRNLQJIRUDPHDQVWRSURPRWHQRWRQO\FRKHUHQFHEXWDOVRFRKHVLYHQHVVLQFUHDWLQJDQH[SHULHQFHWKDWFRPSRUWVD
VSHFLILF WDUJHWHG OHVVRQ 7KLV IUDPHZRUNHQFRPSDVVHV VL[PDLQ DVSHFWV DHVWKHWLFV ILFWLRQPHFKDQLFV IUDPLQJ
FRQWHQWDQG WKHNH\³VHULRXV´DVSHFWSXUSRVHGHILQHGDV WKH LQWHUVHFWLRQRI WKHDLPDQG LPSDFWRI WKHJDPH $
VXPPDU\ RI NH\ LWHPV GLVFXVVHG LQ WKH EUHDNGRZQ RI 676XVLQJ WKLV IUDPHZRUN LV VKRZQ LQ(UURU5HIHUHQFH
VRXUFHQRWIRXQG

7KLV GLDJUDP VKRZV WKDW WKH PHFKDQLFV RI 676 DUH WKH VWURQJHVW DVSHFW RI WKH JDPH IURP D FRKHVLYHQHVV
VWDQGSRLQWZLWKVWURQJFRQQHFWLRQVWRQHDUO\DOORWKHUDVSHFWV$OVRWKHJDPH¶VDHVWKHWLFVDUHWKHZHDNHVWDVSHFW
ZKLFKLVWREHH[SHFWHGJLYHQODFNRIJUDSKLFGHVLJQH[SHULHQFHDYDLODEOHIRUWKHSURMHFW2YHUDOO676SHUIRUPHG
IDLUO\ZHOOZKHQHYDOXDWHGXVLQJWKLVIUDPHZRUNSDUWLFXODUO\JLYHQWKHXQDYRLGDEOHOLPLWDWLRQVRQDHVWKHWLFVEXWWKH
WHDPZDVLQWHUHVWHGLQLPSURYLQJWKHILFWLRQDQGIUDPLQJRIWKHJDPH,WZDVGHWHUPLQHGWKDWWKHLPSOHPHQWDWLRQRI
WKH3HUVRQDV\VWHPDSUHYLRXVO\LPDJLQHGH[WHQVLRQWRWKHEDVLFJDPHVKRZQLQUHGZRXOGVXFFHHGLQWKLVJRDO
DVZHOODVUHLQIRUFLQJWKHILFWLRQPHFKDQLFVILFWLRQIUDPLQJDQGIUDPLQJSXUSRVHFRKHVLYHFRQQHFWLRQV

7KH3HUVRQDV\VWHPZDVRULJLQDOO\FRQFHLYHGDVDZD\WRLQFOXGHDYDWDUVLQ676IRUWKHSOD\HUVDVDYDWDUVRU
RWKHUIRUPVRISOD\HUUHSUHVHQWDWLRQDUHFRQVLGHUHGXVHIXOJDPHGHVLJQHOHPHQWVIRULQFUHDVLQJSOD\HULPPHUVLRQ
DQGLQYHVWPHQW (YHQWXDOO\KRZHYHU LWEHFDPHFOHDU WKDW WKH3HUVRQDVZHUHDSHUIHFWRSSRUWXQLW\IRU LQFOXGLQJ
DGGLWLRQDOOHDUQLQJRSSRUWXQLWLHVLQWKHJDPHLQDZD\WKDWZRXOGVLPXOWDQHRXVO\SURPRWHUHSOD\YDOXH3HUVRQDV
ZHUHWKHUHIRUHLPSOHPHQWHGLQ9HUVLRQ(VVHQWLDOO\WKH3HUVRQDFDUGVEHQHILWWKHJDPHRQIRXUOHYHOV)LUVWDV
DQDYDWDUWKDWSOD\HUVFDQFKRRVHWKH3HUVRQDLQFUHDVHVLQYHVWPHQW6HFRQGWKHPLGJDPHREMHFWLYHRIOHYHOLQJXS
WKH 3HUVRQD SURYLGHV LQWHUPHGLDWH JRDOV DQG VDWLVIDFWLRQ IRU WKH SOD\HUV NHHSLQJ WKH JDPH IXQ DQG LQWHUHVWLQJ
WKURXJKRXW  7KLUG WKH YDULHW\ RI 3HUVRQDV LQFUHDVHV WKH JDPH¶V UHSOD\ YDOXH E\ GLIIHUHQWLDWLQJ JDPHV WKURXJK
DV\PPHWU\$QGILQDOO\WKH3HUVRQDVRIIHUDZD\IRU6($ULWRFRQWURODQGJXLGHSOD\HUVLQWRH[SRVXUHWRVSHFLILF
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OHDUQLQJREMHFWLYHV VLQFHHDFK3HUVRQDKDVDSDUWLFXODUSURPRWHGSOD\VW\OHSOD\HUVDUH LQFHQWLYL]HG WRSOD\VW\OHV
DQGWKHFRUUHVSRQGLQJFKDOOHQJHVDQGOHVVRQVWKDWWKH\PLJKWQRUPDOO\DYRLGRUQHYHUFRQVLGHU
)LJ$EUHDNGRZQRI6SDFH7XJ6NLUPLVKZLWKWKH6HULRXV*DPH'HVLJQ$VVHVVPHQW)UDPHZRUN
7KHODVWPDMRUFKDQJHWRHPHUJHIURP9HUVLRQGHYHORSPHQWZDVWKHUHZRUNRI6SHFVDQG&RQWUDFWVWRXVHWKH
³VWDWV´ V\VWHP 7KHRULJLQDO&RQWUDFWV UHTXLUHGDSDUWLFXODU VHWRI6SHFV WKLV LVFRQVLGHUHGFRXQWHUSURGXFWLYHE\
YDOXHGULYHQV\VWHPVHQJLQHHULQJDVLWLPSOLHVWKHLPSRUWDQFHRIIRUPGHSHQGHQWVROXWLRQVPDNLQJDVVXPSWLRQVRQ
WKHEHVWW\SHRIV\VWHPWRFRPSOHWHWKHWDVN,Q6($ULUHVHDUFKDQGRWKHUYDOXHGULYHQZRUNHPSKDVLVLVSODFHG
RQDYRLGLQJIRUPGHSHQGHQFH LQVWHDGIRFXVLQJRQRXWFRPHV &RQWUDFWVZHUHUHZRUNHG LQWR WKHLUFXUUHQW IRUPWR
UHSODFH6SHFVZLWKVWDWV6SHFVZHUHWKHQDVVLJQHGVWDWVDFFRUGLQJWRWKHLUFRVWDQGIODYRUFUHDWLQJDULFKHUVSDFH
ZLWKPDQ\ SRWHQWLDO VROXWLRQV WR DQ\ JLYHQ &RQWUDFW  7KH NH\ RXWFRPH RI WKLV FKDQJHZDV WRPDNH 676PRUH
FRQVLVWHQWZLWKDYDOXHGULYHQSHUVSHFWLYHUHGXFLQJWKHSRWHQWLDOIRUPL[HGPHVVDJHVWRFRQIXVHWKHSOD\HU
'LVFXVVLRQ
,W WXUQHGRXW WKDW676ZDVDFWXDOO\ IXQ WRSOD\DQGVWXGHQWVZRXOGVSRQWDQHRXVO\SOD\ IRUKRXUVPRVW)ULGD\V
GXULQJ WKH VHPHVWHU ,QIRUPDOO\ LQWHUYLHZLQJ VWXGHQWV UHYHDOHG WKDW HDFK RI WKHP WHQGHG WR KDYH D SUHIHUUHG
SOD\VW\OH LQ WKHJDPHZKLFKVXJJHVWHGVWDEOH VWUDWHJLHV IRUPDQDJLQJ WKHXQFHUWDLQW\DQGG\QDPLFV LQ WKHJDPH
7KHVH VWUDWHJLHV LQIRUPHG WKH GHYHORSPHQW RI WKH PHQWLRQHG 3HUVRQDV LQ RUGHU WR HQFRXUDJH SOD\HUV WR WU\ RXW
GLIIHUHQW SOD\VW\OHV DQG EHFRPH H[SRVHG WR WKH DVVRFLDWHG OHVVRQV  7KH HPHUJHQFH RI WKHVH VWDEOH VWUDWHJLHV
KRZHYHUDOVRVXJJHVWHGWKDWWKHJDPHLWVHOIZDVGLVSOD\LQJWKHSURSHUWLHVRIEHLQJDV\VWHPDVPHQWLRQHGHDUOLHU
7KLVVXJJHVWHGWKDWFROOHFWLQJGDWDRQWKHJDPHLWVHOIFRXOGSURYLGHDQRSSRUWXQLW\IRUOHDUQLQJDERXWV\VWHPVDQG
KXPDQ VWUDWHJ\ GHYHORSPHQW YLV D YLV WKH VL[ V\VWHPV HQJLQHHULQJ FRQVWUXFWV  ,QLWLDO GDWD FROOHFWLRQ LQYROYHG
WUDFNLQJRIPHWULFVVXFKDVSOD\HUEXGJHWVFDUGVLQKDQGVWDWHRIWKHJDPHPDWVDQGFDUGVSOD\HGHDFKURXQGDV
ZHOODVREVHUYDWLRQRIWKHSOD\HU¶VDIIHFWDQGVRFLDOL]DWLRQ,WVRRQEHFDPHFOHDUWKDWGDWDFROOHFWLRQZDVRQHURXV
DQG LQWHUIHUHG ZLWK DFWXDO JDPHSOD\  7KH FROOHFWLRQ RI GDWD DERXW VWUDWHJLHV HPSOR\HG E\ SOD\HUV RI YDU\LQJ
H[SHULHQFHKDVWKHSRWHQWLDOWREHXWLOL]HGWRXQFRYHUERWKSURGXFWLYHDQGXQSURGXFWLYHSDWWHUQVRIV\VWHPVGHFLVLRQ
PDNLQJ,QRUGHUWRIDFLOLWDWHGDWDFROOHFWLRQRQSOD\HUEHKDYLRUVDSURMHFWZDVXQGHUWDNHQLQWKHVXPPHURIWR
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LPSOHPHQW676DVDQRQOLQHPXOWLSOD\HUFRPSXWHUJDPHZLWK WKHSULPDU\SXUSRVHRI IDFLOLWDWLQJGDWDFROOHFWLRQ
7KDWDFWLYLW\LVVWLOOXQGHUZD\DQGH[SHULPHQWVFRQGXFWHGZLWKGLJLWDO676ZLOOEHDGGUHVVHGLQDIXWXUHSDSHU

,QWHUPVRIDVVHVVPHQW676DSSHDUVWREHVXFFHVVIXOLQDWOHDVWWZRDVSHFWV)LUVWQHZVWXGHQWVFODLPWRKDYH
JUDVSHG WKH V\VWHPVHQJLQHHULQJFRQFHSWVHPEHGGHG LQ WKHJDPHDQGDUHFRPIRUWDEOHDSSO\LQJ WKRVHFRQFHSWV LQ
QHZFRQWH[WVHJWKHLUUHVHDUFKRQUHDOV\VWHPV6HFRQGDVGHVFULEHGHDUOLHU676LWVHOIKDVJRRGFRYHUDJHDFURVV
WKH VHULRXV JDPH GHVLJQ DVVHVVPHQW IUDPHZRUN LPSO\LQJ WKDW WKH JDPH LWVHOI LV DW WKH YHU\ OHDVW FRKHVLYH DQG
FRKHUHQW LQ SUHVHQWLQJ LWV HGXFDWLRQDO SXUSRVH  )XUWKHUZRUN DSSO\LQJPRUH IRUPDO DVVHVVPHQW WHFKQLTXHV HJ
H[SHULPHQWDOYHULILFDWLRQWKDWNQRZOHGJHRIWKHJDPHWUDQVIHUVWRPDVWHU\RIV\VWHPVHQJLQHHULQJFRQFHSWVZLOOEH
SXUVXHG LQ WKH IXWXUH  )RU QRZ 676 KROGV SURPLVH LQ DW OHDVW H[SRVLQJ JUDGXDWH VWXGHQWV WR FRUH V\VWHPV
HQJLQHHULQJFRQVWUXFWVLQDPHDQLQJIXOZD\ZKLFKUHVXOWVLQLPSURYHGDQGDFFHOHUDWHGEDVLFXQGHUVWDQGLQJZKLOH
HQJDJLQJWKHVWXGHQWVLQDQDFWLYLW\WKH\ZDQWWRSXUVXHLQWKHLUIUHHWLPH
$FNQRZOHGJHPHQWV
7KH DXWKRUV ZLVK WR WKDQN 3KLOLS 7DQ 'UHZ*UDQW DQG 6DUD 9HUULOOL RI WKH0,7*DPH /DE 3URIHVVRU (ULF
.ORSIHUDQG6FRW2VWHUZHLORIWKH0,7(GXFDWLRQ$UFDGHDVZHOODVDOORIWKHXQGHUJUDGXDWHDQGJUDGXDWHVWXGHQW
SOD\WHVWHUVRYHUWKH\HDUVWKDWKDYHKHOSHGWRHYROYH676WRLWVFXUUHQWVWDWH
$SSHQGL[$6SDFH7XJ6NLUPLVK0HFKDQLFV'HFRQVWUXFWLRQ
*RRGJDPHGHVLJQEDODQFHVIRXUJDPHDVSHFWV6WRU\0HFKDQLFV$HVWKHWLFVDQG7HFKQRORJ\7KHFDUGVDQG
PDWV DUH WKH WHFKQRORJ\ LQ676ZLWKDVVRFLDWHGDUWZRUNFRPSULVLQJ WKHDHVWKHWLFV *DPHSOD\HPHUJHV WKURXJK
PHFKDQLFVZKLFKSURYLGHVRSSRUWXQLW\IRUOHVVRQVDVGHVFULEHGLQ7DEOH,7KHFRUHFRQFHSWVLQ676LQFOXGHWKH
VL[ FRQVWUXFWV'HVLJQ FKRLFHV&RVW UHVRXUFHV8WLOLW\ EHQHILWV (SRFK XQFHUWDLQW\(UD WLPHGHSHQGHQFH
DQG,OLWLHVFRQWLQJHQWYDOXHDVZHOODV3HUWXUEDWLRQ2SWLRQV7LPLQJ%XGJHW6WUDWHJ\DQG6RFLDOHOHPHQWV
7DEOH,676PHFKDQLFVPDSSHGWROHVVRQVDQGDVSHFWVRIJDPHGHVLJQFRQWLQXHGRQQH[WSDJH
6760HFKDQLF &RUH&RQFHSWV 2WKHU&RQFHSWV 6NLOOYV&KDQFH 2WKHU$VSHFWV
'HVLJQ3KDVH '(6,*1&267
0DNHchoicesDERXWZKDWWREXLOG
VXEMHFWWRcosts 
 6.,//
'HFLVLRQPDNLQJLVVNLOO
EDVHGLPSURYHVRYHUWLPH
6725<
7KLVLVWKH³SODQQLQJ´SKDVH
RIWKH6SDFH7XJEXVLQHVV
2SV3KDVH 87,/,7<(5$
*DWKHUutility RYHUuncertain life 
 &+$1&(
8QFHUWDLQW\GRPLQDWHVRSV
SKDVH
6725<
7KH³ZRUNLQJ´SKDVH
/DXQFK5HFRYHU &26787,/,7<(5$
7UDGHRIIutilityRIPRUHWLPHLQ
RSVYVLPSURYHPHQWLQGHVLJQ
VXEMHFWWRWUDQVLWLRQcostsDQG
uncertaintyHYROXWLRQ
7,0,1* 6.,//
/DXQFKUHFRYHUFDQ¶WEH
LQWHUUXSWHGJDPHVHQVHRI
ZKHQWRH[HFXWHVKRXOG
LPSURYH

(SRFK6KLIW (32&+,/,7<(5$'(6,*1
EpochFRQWH[WFKDQJHVUHJXODUO\
evolving RYHUWLPHChoicesDERXW
Ilities UHSUHVHQWWKHEHVWZD\WR
FRQWUROWKHVHHIIHFWV
3(5785%$7,21 &+$1&(
0RVWUDQGRPDVSHFWRIJDPH
UHTXLUHVDFNQRZOHGJHPHQWRI
LQDELOLW\WRFRQWURODOO
FLUFXPVWDQFH
6725<
:KHUH³RXU´VWRU\LVWROG
WHDFKSOD\HUVDERXWFRSLQJ
ZLWKWKLVSUREOHP
,QLWLDO&RQVWUDLQW
0
'(6,*1&267
0DNHLQWHOOLJHQWchoicesZLWK
OLPLWHGfunds 
%8'*(7 6.,//
3UDFWLFHPDNHVSHUIHFW

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6760HFKDQLF &RUH&RQFHSWV 2WKHU&RQFHSWV 6NLOOYV&KDQFH 2WKHU$VSHFWV
&DUG'UDZ,QLWLDO
+DQG
'(6,*1
0DNHLQWHOOLJHQWchoicesZLWK
OLPLWHGVHOHFWLRQ
 &+$1&(6.,//
/DUJHO\UDQGRPEXWVNLOO
LQYROYHGLQSOD\LQJZKDW\RX
DUHGHDOW

,QFRPH '(6,*187,/,7<
DesignV\VWHPWRPD[LPL]Hutility 
LQRSVYLDDYDULHW\RIPHDQV
 6.,//
([SHULHQFHOHQGVLWVHOIWR
VPDUWGHFLVLRQV
6725<
0DNLQJLVWKHVWDWHGJRDO
'HVWUR\'LVDEOH
5HSDLU
'(6,*1,/,7<
Choose KRZWRPLWLJDWHGDPDJH
ZLWKilitiesDVDSULPDU\WHFKQLTXH
62&,$/
237,216
3(5785%$7,21
6.,//
([SHULHQFHOHQGVLWVHOIWR
VPDUWGHFLVLRQV

+DQG0DQDJHPHQW
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